Abstract A theoretical model of conventional oil production has been developed. In partic-5 ular the model does not assume Hubbert's bell curve, an asymmetric bell curve or an R/P 6 method is correct, and does not use oil production data as an input. The theoretical model is 
Model
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The model of oil production is determined in several subsections. In the discovery subsec-9 tion the amount of oil found in a given year will be determined. It will then be assumed that 10 the amount of oil found each year is located in a single reservoir. The reservoir production 11 subsection will model oil production in a reservoir by estimating the number of wells in op-12 eration and estimating the oil production production per well. The world production model 13 is then determined by summing the oil production of all the reservoirs. 14 3.1 Discoveries: 15 We will assume that finding oil is equivalent to the mayflower problem, hence the expected 16 discovery percentage function will be determined by Equation 1 (Bardi, 2005) . Now the 17 technology function k(t) must be between 0 and 1, in order for the expected discovery 18 percentage to remain bounded between 0 and 1. It is worth noting that some Optimists 19 such as Linden (1998) believe that technology makes "marginal hydrocarbon resources" 20 economic. It is also reasonable to assume that the technology function is non-decreasing.
21
Given these constraints we will assume the technology function k(t) is: 
Initially the expected discovery percentage is low as our knowledge is limited, as time 3 continues the expected discovery percentage increases as our knowledge grows, whilst the 4 amount of oil discovered is still small (relative to the U RR). Eventually we have good 5 knowledge of where the oil is to be found, but the amount of oil left to be discovered is 6 small (relative to the U RR) hence the expected discovery percentage is low. Let C d (t) de-7 note the cumulative discoveries of oil made to the beginning of year t (TL). Now, the amount 8 of oil found in year t equals the expected discovery percentage times the amount of oil left 9 to be found in year t, which mathematically is
Now since the expected discovery percentage function p(t) is continuous, we can express
11
Equation 3 in the continuous form as
Substituting Equation 2 for the expected discovery percentage function p(t) we obtain
With the trivial assumption that initially C d (0) = 0, Equation 4 is solved to get Equation 5 14
1 tion 5 we obtain,
Let U RR l denote the size of the l-th reservoir (TL), which is assumed to be found in the 3 year t l . Now since we assume that the amount of oil found each year is found in a single 4 reservoir, we have 
Reservoir Production:
7
To determine the production curve from a reservoir, we will assume that oil production is 8 related to the number of wells drilled, and the production per well. Let Cp l (t) denote the 9 cumulative production from the l-th reservoir (TL). Let w l (t) denote the number of wells in operation at time t. The function w l (t), will be defined by Equation 7 11
Where kw l is a proportionality constant and w lT is the total number of wells in operation as-
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suming Cp l (t) increases to infinity. Note the boundary condition Cp l (t l ) = 0 which implies 13 w l (t l ) = 1, hence initially there is only one well built. As cumulative production increases 14 the number of wells exponentially decays upwards from 1 well to w lT wells. Note the total 15 number of wells built is not w lT but w lT act which is defined as
Lets assume that every well in the l-th reservoir extracts a total of U RR l /w lT act (TL) of 17 oil. Let the i-th well start production in the t li -th year, where t li is the year such that 
Note k 1 l i and k 2 l i are proportionality constants. Equations 8 and 9 can be combined to
where Cp
and differentiating obtains the production curve
Let the initial production of the i-th well, in the l-th reservoir be P 0 l i , (P li (t li ) = P 0 l i ∀i) 11 then the production curve for the i-th well is (Arps, 1945) 12
with the initial condition Cp l (t l ) = 0. The world's cumulative production, Cp(t), is trivially 3 the sum of the cumulative production of the reservoirs,
For ease of use we will assume that all wells in all reservoirs have the same initial production,
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P 0 , that is P 0 = P 0 l i , it is also assumed that kw = kw l . case will assume that the U RR is 318 TL (2 trillion barrels); the Optimistic case will assume 10 the U RR to be 477 TL (3 trillion barrels). An ideal case is also made where the U RR is 11 determined from the actual backdated discoveries data from Wells (2005b). We have several constants, which need to be defined. For the discovery model we have U RR, t t and b t , for 13 the number of wells model its kw, and w lT and for the production of a well we need P 0 . The
14
variables for the discovery model were calculated by fitting the model to the actual data from 15 Wells (2005b) using the coefficient of determination, R 2 , for more details see Appendix B.
16
The cumulative discoveries as a function of time is shown in Figure 1 .
17
Figure 1 Hereabouts
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In order to determine valid estimates for kw, w lT , and P 0 , it was necessary to find some The slope constant for the technology function (year
The proportionality constant relating production to pressure, in the i-th well (TL/Pa.year)
The proportionality constant relating pressure to remaining reserves (Pa/TL)
The proportionality constant relating the production to the remaining reserves (year −1 )
The proportionality constant in the wells model (-)
The proportionality constant for reservoir l in the wells model (-)
The initial production of the wells in all reservoirs (TL/year)
The initial production of the wells in reservoir l (TL/year)
The initial production from the i-th well in reservoir l (TL/year) 
where P ′ (t) is production in (barrels/year) and T peak is the year the production peaks (year) and r inc and 5 r dec are the rate constants (year −1 ) and Tstart is the year production was 1 barrel a year Brandt (2007). In 6 calculating the rate difference of the theoretical model equation A.1 was altered to 
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Appendix B. Coefficient of Determination
11
The coefficient of determination, R 2 , was used to measure the accuracy of the discovery model to the data.
For the Pessimistic case U RR = 2 trillion barrels and for the Optimistic case U RR = 3 trillion barrels. For 13 the ideal case, the U RR was a variable. The best fit was found by varying bt, tt (and U RR for ideal case)
14 to obtain the highest R 2 value. The constants are shown in The method to determine valid estimates for the constants kw, w l T , and P 0 in the reservoir production model 2 is given in this section. The best data found is unfortunately state based rather than reservoir based data from results, we need to check that the initial production values P 0 correspond to the actual initial production.
14 Unfortunately the initial production for all the wells is not known, however the number of wells as a function Table   17 C.1). The Figures C.5 − C.8 indicate a reasonable fit and hence the initial well productions P 0 can be assumed
18
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to be reasonable estimates. The constants kw, P 0 and w l T used in the state models are shown in Table C Now if we ignore the outlier of 32 for South Dakota, the average for kw is 10.7 and this value is assumed relationship between w l T and U RR l /P 0 was expected.
30
The value for P 0 appears to have a great deal of variability. However by analyzing the other US state formally is:
Now f 1 (t), f 2 (t) and f 3 (t) are small polynomials fitted to the production data using least squares 
